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Introduction The magnetization-prepared rapid gradient-echo (MP-RAGE) sequence [1] is widely used for high-resolution T1-
weigthed anatomical neuroimaging.  However, the traditional 3D MP-RAGE with Cartesian data acquisition often requires a long 
scan time. The purpose of this study is to investigate the feasibility of MR-RAGE with distributed spirals (DS) [2] to increase the 
scan efficiency. Choices of the number of acquisitions in each TR are more flexible with DS compared to Cartesian scans, since DS 
essentially only has one phase encoding direction with a large number of encoding steps. 
Methods 3D MP-RAGE with DS readout was implemented on a 3T Philips Ingenia scanner using a 15-channel head coil. 3D 
Cartesian MP-RAGE reference data were acquired with a TI of 1s and a TR of 3s. Cylindrical DS (CDS) data with various readout 
times τ  were collected using the same TI and TR and similar duration of the acquisition shot. The flip angles of the acqusition were 
chosen to match the constrast of the referece Cartesian scan [3].  Two TEs were interleaved either in the inner most loop or outside the 
CDS acquisition shot loop. Pure noise data sets were aquired for signal-to-noise ratio (SNR) evaluation [4]. For CDS scans, water and 
fat were separated and deblured using a B0 field map obtained from a separate low-resolution spiral scan [5-7]. SNR was estimated in 
regions of interest for Cartesian images and spiral water only images (Table1). 
Results and Discussion The two strategies of multiple TE acquisition yield similar results. As shown in Table 1, the total scan time 
(T) decreases while both SNR and SNR efficiency (SNR/√T  increases with longer τ. For spiral scans, SNR is approximately 
proportional to √Tτ. Spiral water and fat images were combined to compare with the Cartesian reference images in Fig. 1.  Results of 
CDS demonstrate overall comparable sharpness as the Cartesian images, except the slightly increased blurriness in cerebellum as τ 
increases, which might be caused partially by T∗ decay. In regions close to air-tissue interfaces, residual blurring is more evident with 
longer τ. These artifacts are possibly resulted from inaccurate field map estimation due to signal loss and severe blurring.  High-
resolution spiral MP-RAGE with τ up to 20 ms would be 
practical with further improved field map estimation and 
deblurring methods.  
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 Cart. CDS 1 CDS 2 CDS 3 CDS 4 CDS 5 
Read. Time τ (ms) 5.2 6.1 9.0 12.2 15.0 19.7 
Scan Time T (s) 290 266 224 200 182 170 
SNR 37.6 36.5 40.4 43.8 46.8 50.0 SNR/√T (s-1/2) 2.21 2.24 2.70 3.10 3.46 3.83 SNR/√Tτ (s-1) 0.97 0.91 0.90 0.89 0.89 0.86 

Table 1 SNR of Cartesian Images and Spiral Water Only Images 

Cartesian τ=5.2 ms 
Scan Time T= 4’50”   

CDS τ=6.1 ms 
         T=4’26” 

CDS τ=12.2 ms 
         T=3’20” 

CDS τ =19.7ms 
         T=2’50” 

Fig. 1 MR-
RAGE Cartesian 
images and water 
and fat combined 
spiral images. 
The arrow points 
to the artifacts 
due to suboptimal 
deblurring. 
Res: 1 1 2 
mm3. FOV: 240	 200150 mm3 for 
Cartesian scan, 250	 250150 mm3 for 
CDS scans.  
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